A cDNA that encodes a mouse secretory granule proteoglycan peptide core was isolated from a cDNA library prepared from nontransformed mouse bone marrowderived mast cells (BMMC) using as a probe a 280-base-pair fragment of a rat cDNA that encodes the proteoglycan peptide core of rat basophilic leukemia (RBL)-1 cells. Based on the consensus nucleotide sequence and deduced amino acid sequence of the cDNA, the mouse BMMC proteoglycan peptide core is 16.7 kDa and contains a 21-amino acid glycosaminoglycan attachment region consisting of alternating serine and glycine residues. When the predicted amino acid sequence of the mouse BMMC proteoglycan peptide core was compared with the predicted amino acid sequences of the homologous molecules expressed in RBL-1 cells and in human promyelocytic leukemia HL-60 cells, the mouse-derived sequence was more closely homologous to the rat sequence than the human sequence except for the length of the serine-glycine repeat region. The N terminus was found to be a highly conserved region of the molecule in the three species, suggesting that this region is important for the structure, function, and/or metabolism of this family of proteoglycans. Nucleotide sequences within the 5' and 3' untranslated regions of the mouse, rat, and human proteoglycan cDNA were conserved. That similar sequences were also present in the corresponding regions of a cDNA that encodes a rat mast cell protease suggests that particular nucleotide sequences may be important for regulation of expression of those proteins that are destined to reside in secretory granules.
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Mouse interleukin 3-dependent, bone marrow-derived mast cells (BMMC) synthesize 200-to 250-kDa highly acidic proteoglycans containing glycosaminoglycans that are almost exclusively chondroitin sulfate E (1). These intracellular proteoglycans are stored in secretory granules (2, 3) bound to basically charged endopeptidases (4) and exopeptidases (5) that are enzymatically active at neutral pH. Chondroitin sulfate E proteoglycans were extracted from BMMC by treatment with Zwittergent and guanidine hydrochloride and were purified to apparent homogeneity by density-gradient centrifugation, ion-exchange chromatography, and gel-filtration chromatography (6) . As assessed by NaDodSO4/PAGE of 48-hr [3H]glycine-labeled cells, the peptide core of the mature proteoglycan stored in the secretory granule of mouse BMMC was estimated to be only =10 kDa (6) . Analogous to the peptide core ofrat mast cell heparin proteoglycan (7, 8) , the peptide core of mouse BMMC chondroitin sulfate E proteoglycan is rich in serine and glycine and has a glycosaminoglycan attachment region resistant to degradation by a wide variety of proteases (1) , even if the glycosaminoglycans are first removed by treatment with chondroitinase ABC (6) .
Bourdon and coworkers isolated two partial cDNAs from a rat L2 yolk sac tumor cell cDNA library, which taken together define an -1000-base-pair (bp) cDNA (9, 10) that encodes an 18.6-kDa proteoglycan peptide core (11) . The deduced amino acid sequence of the consensus rat L2 cell-derived cDNA revealed an unusual proteoglycan peptide core containing a 49-amino acid region of alternating serine and glycine residues. We used a gene-specific -490-bp Ssp I 3' fragment of this rat L2 cell-derived cDNA to demonstrate that mouse BMMC, mouse myelomonocytic cells, rat basophilic leukemia (RBL)-1 cells (a transformed rat mucosal-like mast cell), rat serosal cavity-derived mast cells, and rat natural killer cells possess substantial amounts of an -1.0-kilobase (kb) mRNA that encodes a molecule similar to that expressed in rat L2 cells (12, 13) . We then cloned an analogous cDNA, designated cDNA-R4, from RBL-1 cells (14) . Using a 280-bp 5' Bbv I/Xmn I fragment of the RBL-1 cell-derived cDNA-R4, we have now isolated and sequenced a full-length homologous cDNA from a mouse BMMCderived cDNA library.t When this mouse cDNA was compared with cDNAs that encode secretory granule rat and human proteoglycans and a rat protease, areas of homology were observed in the untranslated and translated regions.
MATERIALS AND METHODS
Construction and Screening of a Mouse BMMC cDNA Library. BMMC (==-107 cells), obtained as described (15, 16) , were lysed in the presence of 4 M guanidinium isothiocyanate, 0.5% (vol/vol) 2-mercaptoethanol, and 25 mM sodium citrate (pH 7.0), and total RNA was purified by the CsCl density-gradient centrifugation technique of Chirgwin et al. (17) . The poly(A)+ RNA, obtained by oligo(dT)-cellulose chromatography (18) , was converted into cDNA (19) . The resulting cDNAs were blunt-ended with T4 DNA polymerase, the internal EcoRI sites were methylated, and the cDNAs were ligated to EcoRI polylinkers. After selection of cDNAs of >500 bp by Sepharose CL-4B chromatography, the cDNAs were ligated and packaged into Agtll. Escherichia coli (strain Y1088) were infected with the recombinant bacteriophages resulting in a cDNA library with a complexity >1 x 106. The BMMC-derived cDNA library was probed at 430C with a 280-bp 5' Bbv I/Xmn I fragment of the RBL-1 cell-derived cDNA-R4 (ref. 14; see Fig. 1 (20) . Both strands of cDNA-M6 were sequenced. The nucleotide sequence of cDNA-M6 was compared with the corresponding nucleotide sequences of the rat (9, 10, 14) and human (21) cDNA using the BESTFIT computer program (22) .
RNA Analyses. Mouse heart, lung, liver, spleen, kidney, and brain (cerebrum) tissues were frozen in liquid N2. After being pulverized at -80°C, the disrupted tissues were suspended in the guanidinium isothiocyanate buffer described above, and the RNA of each was purified. RNA was also isolated from mouse 3T3 fibroblasts (line CCL-92; ATCC), RBL-1 cells (line CRL-1378; ATCC), Kirsten sarcoma virusimmortalized mouse mast cell line KiSV-MCl (23) , and mouse BMMC that had been cultured in 50% enriched medium/50% WEHI-3 conditioned medium in the absence (16) and in the presence (24) (Fig. 2) , the mouse proteoglycan peptide core contained a typical hydrophobic signal peptide of 25 amino acids. cDNA-M6 and cDNA-M7 possessed a 21-amino acid 3' 5' cDNA-M5 cDNA-M6 5.
3. (data not shown). Using a search element of 6 nucleotides and allowing for no mismatches, the most conserved region ofthe 5' untranslated region of the mouse (nucleotide residues 31-36; Fig. 2 ), rat, and human cDNA was the TGGTCA nucleotide sequence that preceded the ATG translation initiation codon for these proteoglycan peptide cores (Table  1) . A number of conserved regions were detected in the 3' untranslated region, two of which are also depicted in Table  1 . These conserved 5' and 3' nucleotide sequences were similar to those present in the corresponding regions of the cDNA that encodes a rat mast cell protease (26) ( Table 1) . A comparison of the deduced amino acid sequences of the mouse and rat proteoglycan peptide cores, as aligned by the BESTFIT computer program for comparing nucleotide sequences, revealed that 96% of the first 53 N-terminal amino acids and 86% of the last 42 C-terminal amino acids were identical (Fig. 3) . The principal difference between the 16.7-kDa mouse proteoglycan peptide core and the 18.6-kDa rat proteoglycan peptide core was the length of their respective serine-glycine repeat regions. Furthermore, as assessed by the BESTFIT computer program analysis of their nucleotide sequences, most of the deduced serine-glycine repeat region of the mouse molecule (amino acid residues 89-106) was more homologous to a region within the serine-glycine repeat region of the rat proteoglycan peptide core (amino acid residues 111-128) than to the beginning or end of this glycosaminoglycan attachment region. When the mouse BMMC proteoglycan peptide core was compared with the analogous 17.6-kDa molecule in the human, the N terminus was found to be a highly conserved region of the molecule in the two species. Seventy percent of the first 53 N-terminal amino acids and 45% of the last 42 C-terminal amino acids were identical. The serine-glycine glycosaminoglycan attachment region of the mouse BMMC proteoglycan peptide core was more similar in its length to the analogous proteoglycan peptide core in the human than in the rat. The conservation of the position of the two cysteine residues (at amino acid positions 38 fragment was detected when the DNA blot was probed with the Acc 1 3' fragment of the cDNA (data not shown).
When an RNA blot of total RNA from RBL-1 cells, KiSV-MC1, BMMC, and BMMC cultured in the presence of fibroblasts was probed with the gene-specific Acc I 3' fragment of DNA-M6 under conditions of high stringency (Fig. 4 Left), the mouse probe hybridized intensively in each instance to an -1.0-kb species of mRNA and to lesser amounts of two larger-sized mRNAs. In contrast, no hybridization of the probe to mouse 3T3 fibroblast-derived RNA was detected. When RNAs from different mouse tissues were examined, lung tissue had relatively high levels of the =1.0-kb transcript (Fig. 4 Right), and heart, spleen, and kidney had lower levels of the 1.0-kb transcript. Although the level of the 1.0-kb transcript was extremely low, small amounts of an -5.0-kb transcript were detected in the liver.
The level of the 1.0-kb transcript was extremely low in the cerebrum region of the brain, but it could be detected if the RNA blot was exposed longer of if poly(A)+ RNA was used (data not shown).
DISCUSSION
In the present study, we have screened a cDNA library prepared from mouse BMMC under conditions of high stringency to isolate a cDNA ( Figs. 1 and 2 ) that encodes the peptide core of mouse mast cell chondroitin sulfate E proteoglycan. Although cDNAs that encode secretory granule-like proteoglycan peptide cores have been isolated from rat L2 tumor cells (9, 10), rat basophilic leukemia cells (14) , and human promyelocytic leukemia cells (21) , this is the first instance in which this type of cDNA has been isolated and (14), a human HL-60 cell-derived proteoglycan cDNA (21) , and a rat RBL-1 cell-derived serine protease cDNA (26) . ATG, translation start codon; TAA and TGA, translation stop codons; AATAAA and AATAAT, polyadenylylation sites. The HL-60 cell-derived cDNA reported in our earlier publication (21) described a partial full-length cDNA that was missing part of its 3' untranslated region up to the poly(A)+. Thus, to compare the 3' untranslated region of this human cDNA with the mouse BMMC-derived cDNA, a human genomic fragment containing the HL-60 cell proteoglycan peptide core gene was isolated. The nucleotide sequence of a 3' HindIIl/Sal I fragment was determined, and the 271-bp sequence contiguous to the previously published partial full-length cDNA is shown below. Based on the homology of this nucleotide sequence with the corresponding 3' untranslated regions in the rat (14) and mouse proteoglycan cDNA, it is likely that this represents the last 271 bp of the transcript. GAATTCTTAA characterized from a library derived from a nontransformed cell. It is also the first cDNA that has been isolated and characterized that encodes a secretory granule constituent of a mouse mast cell. As assessed by the nucleotide sequence, the 16.7-kDa proteoglycan peptide core expressed in mouse BMMC contains a 21-amino acid glycosaminoglycan attachment region consisting of alternating serine and glycine residues. Based on the -3, -1 rule (27) for cleavage of analogous hydrophobic signal peptides, it is predicted that the first 25 amino acids at the N terminus would be cleaved in the endoplasmic reticulum, resulting in a 14.3-kDa "pro" form of the proteoglycan peptide core. That the peptide core of the mature molecule stored in the secretory granule is only "10 kDa (6) indicates that further degradation of the 129-amino acid pro form of the peptide core occurs at its N terminus and/or at its C terminus.
Because secretory granule proteoglycan peptide core is the first constituent of the mast cell's secretory granule that has been characterized at the molecular level in three different species, it was possible to determine whether there are regions of the cDNA that are conserved. When the deduced amino acid sequence of the mouse proteoglycan peptide core was compared with those in the rat and human (Fig. 3) , there were conserved sequences within the N-terminal portions of the proteins. A portion of these residues may be important in the targeting of the peptide core through the endoplasmic reticulum and Golgi into the secretory granules. The mouse and rat sequences also showed extensive homology within those residues C terminal to the serine-glycine repeat sequence. This homology was not maintained within the human sequence and may only reflect the closer evolutionary relatedness of the mouse and rat compared with the human.
The comparison of those sequences encoding the serineglycine repeat region indicates that this region is -2 times longer in the rat than in the mouse or human. Since all three Proc. Natl. Acad Sci. USA 86 (1989) . One 5' untranslated region that almost immediately preceded the ATG translation-initiation codon and at least two 3' untranslated regions were nearly identical in the mouse (Fig. 2) , rat (10, 14) , and human (21) RNA blot analysis of total RNA isolated from different mouse tissues revealed that the lung had relatively high levels of the mRNA that encodes this proteoglycan peptide core (Fig. 4 Right) . Heart, spleen, and kidney had less of the transcript; the lowest levels were in liver and brain (cerebrum). Because mast cells are present in large numbers in the lung, it is possible that most of these transcripts originate from this cell source. A 5.0-kb transcript that hybridized to the gene-specific probe was detected in the liver of the mouse, and it is possible that this larger-sized transcript in the liver is the result of alternatively spliced RNA. Human tissues have not been examined for the presence of this proteoglycan transcript, but the rat gene has been shown to be also expressed at relatively high levels in the lung of the rat (30) . The mouse, however, appears to differ from the rat in that the larger-sized transcript is more prevalent in the rat kidney and rat lung than in the corresponding mouse tissue.
KiSV-MCl, BMMC cultured in the presence of fibroblasts, and BMMC cultured in the absence of fibroblasts are three populations of mouse mast cells that differ substantially in the histochemistry of their secretory granules when stained with alcian blue followed by safranin (23, 24, 31) . These cells differ in their relative biosynthesis of 35S-labeled chondroitin sulfate E proteoglycans and heparin proteoglycans from a ratio of 1:2 to 50:1. Despite the nature of the glycosaminoglycans bound to their proteoglycans, RNA blot analysis revealed that all three populations of mouse mast cells contained comparable levels of the -1.0-kb mouse proteoglycan peptide core mRNA and lesser amounts of two larger-sized transcripts (Fig. 4 
